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PRESERVATION OF PAPER AND TESTELE MATERIALS 
FIELD OF THE PJVKNFTTQTJ 
The present invention relates to the preservation of paper articles (e-g., 
books, manuscripts, documents) and textiles articles (e.g., paintings on canvas, 
clothing, etc.) through the application of an amorphous fluoropolymer by, for 
example, spraying, dipping or brushing the article to be preserved with a soliition 
of the fiuoropolymst. 

BACKGROUND 

Commonly owned and oopaiding PCI Intemational Application 
No. PCT/US98/26903 discloses coating a substrate (e.g., a metal, ceramic or 
composite) indndii^ the JtppKcation of a fluoropolymer solution to seal pores. 

The use of fluoropolymer disprasicms to coat and i»otect paper and febrics 
is known (see e.g., U.S. Patent Nos. 4.742,140 and 5,674,961). GeneraUy, these 
dispersions are comprised of particles in the neighborhood of 80 to 400 nm in 
diameter in an aqueous medium. The particles are not intended to fbUy or 
unifonnly coat the fibers of paper or fabric. Also, because they are generally 
aqueous disposions, items contaiiung water-soluble ^es would be damaged by 
comact vith water. 

WO A 92/10532 teaches fluorinafing the surfece of polymers by 
dqposition of fluorocaibons firom sohifion. WO A 97/19224 is a process for 
preserving paper by polymeiiai^ polycondensates in situ. GB A 007 981 
discloses lamination of paper or textile articles. US 5,509,736 describes 
nnpi^piionOTpup»T^ - - 

SUMMARY OF THE INVRNTTnM 
The presem invoation provides a method for strength«ung a cellulosic 
paper or tediie article, comprising the stqjs of (a) applying to the article a 
solution of an amorphous fluoropolymer in a pecfluoroalkane solvent; and 
Oi) drying the article so that Has solvent is essootially removed. 

The present invention also relates to a strengdieoed cellulosic paper or 
tttctUe article comprising (i) a fibrous cellulosic p^jer or textile sdjstrate and 
Oi) amorphous fluoropolymer interconnecting fibers of said siAsliate. 

BRIEF DESCRTPTinM Qp THE PR AWTT^ f^ 
Figure 1 represents a plot of data from Table 1. 

DETAILED DESCRIPTION 
The present invention employs amorphous fluoropolymers which, for 
application, are dissolved in a perfluoroalkane solvent Articles to be preserved 
are treated wife the fluoropolymer solution by any suiteble method, including but 

1 
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not limited to dipping, spraying and brushing. The article may be, but is not 
limited to, a book, manuscript, paper, fabric, article of clothing, painting, and the 
like. Normally, the amoiphous fluoropoiymer is used substantially transparent, 
and consequently &ere is no substantial difference in appearance between the 
treated article and the untreated article. 

When fluoropoiymer is deposited from solution onto a non-porous surface, 
a coating of about 5 to 20 ym thick typically results. This thickness is related to 
the concentration of the solution used in the depositioiL GenoiBlly, a 1% solution 
will produce a film about 5 }xm thick, and a 6% solution yields a film thickness of 
about SO i^m. However, when the object on which the fluoropoiymer is deposited 
is fibrous or porous, liie fluoropoiymer penetrates into the object. Commonly 
owned and coprading PCT International Application No- PCTAJS98/26903 and 
U.S, Patent Application Serial No. 215,441 describe the penetration of 
fluoropoiymer solutions into pores in thermal spray coatings which aie used for 
corrosion protection. Fluorine x-ray fluorescence micrographs were used to 
demonstrate fluoropoiymer penetration into the pores. 

Useful herein are solutions of fluoropolymers with molecular weights in 
the range of from 200,000 to 400.000- These fluoropolymers are known to have 
excellent chffl:iical resistance; and &eir solutions generally have relatively low 
viscosities, on the order of about 0.060-0.300 pascal seconds (60 to 
300 centipoise) at shear rates from about 50 to 300 sec"^ which enables them to 
flow into the iK>res, The location of the fluoropoiymer in the pozes is also 
important because, unlike purely surface films, the material is not easily abraded 



or worn away, i^amer, me lauoropoxymer m me pore is protectea irom aorasion 
by the surrounding porous coating as well as any surface coating. Moreover, the 
fibers of the substrate are interconnected with fluoropoiymer, titiereby 
strengthening the article. 

Treating paper with fluoropoiymer solutions can significantly increase the 
tensile strength of paper, as shown in Example 2 below, as well as typically 
impart otho: desirable properties. The films or deposits have very low sur&ce 
energies compared to untreated paper (e.g., in the range of IS to 1 9 dynes/cm). 
Thus, they are generally difficult to wet with liquids sudi as water. Solid deposits 
like dirt, dust or inks will not easily adhere to such surfaces. The permeation of 
aggressive chemical constituents of the environment which may degrade or 
corrode the object is retarded, as the solutions penetrate into the bulk of the 
material as well as depositing on the surface. Finally, the fluoropoiymer fihn or 
d&posit itself is very inert to degradation from environmental chemicals. 
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One \i$e for this inventiou is the poreservation of a variety of papers» 
including books, newspaper pages and documeots. As paper ages, it frequently 
becomes more brittle. This is a problm for historic books and documents of great 
age. Treatment of these papers ^tb ihe fluoropolym^r solutions, as desc^bed in 
this invention, have been shovm to increase the tensile strength of the p^er, as 
shown in the Examples below. As outlined in Examples 1 and 2 below, a pap» or 
book can be dipped into the fluoropolymer/perfluoroalkane solution and air dried 
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to remove the solvent. The treated papers do not absorb water and therefore do 
not fall apart when immersed in water. No radical change in appearance or feel of 
the paper is normally noted for those with relatively low gloss, such as newsprint 
or copier paper. For glossier papers, a thin external film of polymer can ordinarily 
5 be seen on close visual inspection. Typically, no blurring or removal of ink is 
noted. Writing on treated paper with soft pointed, felt tip pens is typically more 
difficult than on untreated paper, although it is still relatively easy to mark with 
hard pointed, ball point pens. In general, it is more difficult to get treated articles 
dirty, and easier to clean them. 
10 The treatment of the paper is considered reversible. The deposited 

polymer can be substantially removed by treating the treated paper with pure 
solvent to redissolve the fluoropolymer. 

Textiles are fibrous materials, somevAiat smiilar to paper in their behavior 
when exposed to these fluoropolymer solxjtions. These solutions penetrate into the 
1 5 weave, and upon drying leave fluoropolymer deposits, thereby increasing the 
strength of the textile. The textile material is made resistant to water or liquid 
absorption. Dyes used on the textile will not be affected by the solvent used, and 
the textile will be resistant to staining. A fluoropolymer fibn formed around the 
fibers protects them fi-om environmental degradation by limiting the permeation of 
20 environmental chemicals and gasses through the film. The process of this 
invention would be usefiil in preserving historical and heirloom textiles and 
garments, such as tapestries, costumes, wedding gowns and the like. 

Paintings consist of paint or ink on a porous or fibrous substrate like 
canvas or paper. The fluoropolymer solution will deposit a film around the paint 
25 or ink which protects it from enviromental degradation. The porous or fibrous 
substrate will be come mfiltrated with the polymer. The strength of the material 
would be increased. The painting would be resistant to water or liquid absorption, 
as well as staining. 

The treatment of this invention is particularly usefiil for paper or textile 
30 having images made of ink, pigment or dye which is soluble in water, but not in 
perfluoroalkane solvents. 

A variety of amorphous fluoropolymers may be used as the strengtiiener of 
this invention. This includes fluorine-containing homopolymers and co-polymers 
which are soluble at 0.5% by weight or greater in the solvent. An amorphous 
35 fluoropolymer is one which does not contain significant amoxmts of crystallinity 
when measured by DSC, or whose heat of melting is less than 2 J/g. 

Suitable fluoropolymers include amorphous fluoropolymers which are 
copolymers containing imits from fimctional fluorinated comonomers or 
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nonfunctional comonomers. Examples are copolymers of tetrafluoroethylene 
(TFE) with functional or non-functional monomers such as fluoroolefins having 
from 2 to 8 carbon atoms and fluorinated alkyl vinyl ether in which tiie alkyl 
group contains from 1 to 5 carbon atoms (e.g., 1, 3, 4 or 5 carbon atoms). 
5 Examples of the non-functional monomers include hexafluoropropylene (HFP), 
chlorotrifluoro ethylene (CTFE), perfluoro(ethyl vinyl ether) (PEVE), 
perfluoro(methyl vinyl ether) (PMVE) and perfluoro(propylene vinyl ether) 
(PPVE), Functional monomers include, for example, perfluoroethyl vinyl ether 
(EVE), CF2=CFOCF2CF(CF3)OCF2CF2COOCH3, 

10 CF2=CFOCF2CF(CF3)OCF2CF2S02F,CF2=CFOCF2CF(CF3)OCF2CF2CN, 
C3N3(CF2CF20CF(CF3)CF20CF=CF2)3 (EVE-triazine), 
CF2=CFOCF2CF(CF3)OCF2CF2CH20H, 
CF2=CFOCF2CF(CF3)OCF2CF2CH2P02(OH)2 (EVE-P), 
CF2=FOCF2CF(CF3)OCF2CF2COOH, and 4,5-difluoro-2,2-bis(trifluoromethyl)- 

15 1 ,3-dioxole (FDD). Commercially available materials include those from DuPont, 
Wihnington, DE: Teflon® SF60 (TFE/PMVE/PEVE, DuPont, Mhnington DE), 
Teflon® SF61 (TFE/PMVE/PEVE/EVE-P), Teflon® SF50 (TFE/HFP), 
Teflon® AF1600, 1601 and 2400 (PDD/TFE), and Teflon® AF2130 
(PDD/CTFE); and those from Asahi Glass, Japan: Cytop®. 

20 Of note are amorphous fluoropolymers which comprise copolymmzed 

vmits of TFE and PEVE. Amorphous copolymers of tetrafluoroethylene and 
perfluoro(ethyl vinyl ether) are disclosed in U.S. Patent Nos. 5,478,905, 5,637,663 
and 5,663,255, and in commonly owned, co-pending U.S. Patent Application 
Serial No. 08/929,213, which are incorporated herein by reference. Copolymers 

25 including units from TFE and PEVE may also include units from one or more 
additional fluorinated monomers, A preferred additional monomer is PMVE. 
When perfluoro(methyl vinyl ether) is present in the fluoropolymer, 
perfluoro(ethyl vinyl ether) is preferably at least 15% of the combined weight of 
the combined perfluoro(efhyl vinyl ether) and perfluoro(methyl vinyl ether). 

30 Also of note are amorphous fluoropolymers -w^ch comprise 

copolymerized imits of TFE and PDD, or CTFE and FDD. Examples of these 
copolymers are known collectively as Teflon® AF, available from DuPont 
Company, Wilmington, DE. Various grades are available, including 
Teflon® AF1600, 1601 and 2400 (PDD/TFE) and Teflon® AF2130 (PDD/CTFE). 

35 A perfluoroalkane solvent is a non-aqueous solvent in which a 

perfluoroalkane is the primary component. Suitable solvents include 
perfluorinated alkanes such as perfluorooctane. Suitable solvents also include 
mixtures which include perfluoroalkanes, such as FC-75 and FC-40 (3M, 
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Miimeapolis, MN). In general, the perfluoroalkane solvents used in these 
solutions are not considered aggressive to many paper andtcKtile articles. Most 
inks will not dissolve in perfluorinated solvents. Similarly, many substrates are 
unaSected by exposure to these solvents. 

. The fluoropolymer solutions may be applied to the fibrous ar^cles by 
cozomon coating methods, including but not limited to spray application, dipping 
and brushing. After wpphcntioti of the solutions, the articles can be dried by 
conventional methods (e.g., air or vacuum drying). 

EXAMPI^S 
Huoropolymer Solution Preparation: 

Teflon® AF solutions were used in the examples below, and were used as 
received from E, I. du Pont de Nemours and Company, Wilmington, DE, unless 
otherwise noted. To dilute the Teflon® AF2130, solvent (FC-75, 3M, 
Minne^lis, MN) was weighed and was placed into a container, with the 
calculated amount of Teflon® AF2130 added to the solvent The samples were 
mixed before use. 

E?CAMPLE1 
Paper Treatment 

Several types of paper, including newsprint and copier paper were dipped 
for about 30 seconds into several Teflon® AF solutions, having concentrations 
between 1 and 6% solids by weight, such that about half the sheet was 
impregnated vnAi the solution. The papers were removed &om the solution and 
dried for about 30 minutes. The entire sheets of paper were immersed in wat^ at 
room temperature. The treated portion emerged in undamaged condition while 
the untreated papo: fell apart. No dissolution or blurring of ink was observed in 
the treated portion of the newsprint. 

EXAMPLE 2 
Strength Testing of Paper 

The strength of treated paper was compared to that of an untreated paper 
Strips of paper (20 poimd White Wove, Gilbert, Inc., Menadia, WI) about 2.5 cm 
(1 inch) wide, 20.3 cm (8 inches) long, and 0.010 cm (0.004 ixsches) thick, were 
immersed for 10 minutes in solutions with varying concentrations of 
fiuoropolymer. The strips were removed and dried, leaving a fluoxopolymer 
deposit in the paper. The tensile strengths of the strips were measured using a 
model 1 122 Instron test machine (Instron Corp., Canton, MA) and ASTM Method 
D S28 procedures (the test bars were held in grips with a separation of 5 inches, 
and the cross head speed was 2 inches/^miaute). Tlie fluoropolymer treatment 
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increased the strength of the paper. The results are shown in Table 1 below, as 
well as in Figure 1. 

TABLE 1 



Fluoropoiymer 

■>3W1UUWX1 AUvMUUCSViOIl 


Conceniratton of 
riuoropoiymer, % 


MPa 


Strengih> 
Ksi 


% Increase in 
Strength vs. Control 


Kone 


0 


44.0 


6.3g 




TEFLON® AF1600 


3 


512 


7.42 


16.3 


TEFLON® AF1601 


6 


56.1 


8.14 


27.6 


TEFLON® AF2400 


1 


48.9 


7.09 


ll.l 


TEFLON® AF2130 


6 


59.3 


8.60 


34,8 


TEFLON® AF2130 


3 


59,0 


8.55 


34.0 


TEFLON® AF2I30 


I 


47.8 


6.94 


8.8 
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CLAIMS 

What is claimed is: 

1 . A method for strengthening a cellulosic paper or textile article, 
comprising the steps of: 

(a) applying to the article a solution of an amoiphous fluoropolymer in 
a perfhioroaikane solvent; and 

(b) drying the article so that the solvent is essratially removed. 

2. The method of Claim 1 wherein the fluoropolymer has a molecular 
weight in the range of from 200,000 to 400,000. 

3. The method of Claim 1 ^\iierein the fluoropolymer is a copolymer of 
4,5-difluoro-2,2-bis(trifluoromethyl>l,3-cUoxole wiA eifter tetrafluoroethylene or 
chlorotrifluoroethylene. 

4- The method of Claim 1 wh«»m the fluoropolymer is a copolymer of 
tetrafluoroethylene with a monomer selected from fluoroolefins having from 2 to 
8 carbon atoms and iluorinated alkyl vinyl eth^ where the alky 1 ffovp contams 
from 1 to 5 carbons. 

5. A strengthened cellulosic paper or textile article, comprising: 

(i) a fibrous cellulosic paper or textile substrate; and 

(ii) amcuphoiis fluoropolymer interconnecting fibers of said substrate. 

6. The strengthened cellulosic paper or textile article of Cl^m 5 wherein 
the fluoropolymer has a molecular weight in the range of from 200^000 to 
400,000. 

7. The strengthened cellulosic paper or t^le article of Claim S wherein 



the fluoropolymer is a copolymer 6r43-3ifluo^^ 

dioxole with either tetrafluoroethylene or chlorotrifluoroethylene. 

8 . The strengthened cellulosic paper or textile article of Claim 5 wherein 
the fluoropolymer is a copolymer of tetrafluoroethylene with a monomer selected 
from fluoroolefins having from 2 to 8 carbon atoms and fluorinated alkyl vinyl 
ethers where the alkyl group contains from 1 to 5 carbons. 

9. A strengthened article of paper or textile, comprising: 

a) a pattern or printing, and 

b) an amorphous fluoropolymer coating applied from an amorphous 
fluoropolymer solution such that the information conv^ed by the pattern or 
printing is not obscured or distorted. 

1 0. The process of treating a patterned or printed article of paper or textile 
comprising: applying to the article a solution of an amorphous fluoropolymer in a 
perfluoroalkane solvent; and drying the article so that the solvent is essentially 
removed. 
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£. I. du Pont de Nemours and Company 
Legal - Patents 

Wilmington, D£ 19898, U.S.A. 



Tel. No. 

(302) 992-4931 

Fax No. 

(302) 892-7949 



I h,^''^ declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
'^e^^f @ further that these statements were made with the knowledge that willful false statements and the like so made are 
pum^ble by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
leopagqize the validity of the application or any patent issuing thereon. ^ 



(jyf^ll Name 
of Inventor 



Last Name 
BIRCHENALL 



Residence & 
Citizenship 



Post Office 
Address 



Signature (please sign full name): 

City 

MTDDTFTOWIV 



INVENTOR(S) 



First Name 
\ ANDREW 



Post Office Address 

1350 CEDAR LANE ROAD 



State or Foreign Country 
DELAWARE 



City 

MIDDLETOWN 



Middle Name 
KFTSFV 



Date: 



Country of Citi^nship 
UJS.A. 



State or Country 
DELAWARE 



Zip Code 
19709 



□ Additional Inventors are being named on separately numbered sheets attached hereto. 



GENERAL POWER OF ATTORNEY 
(Concerning Several International Patent Applications) 

!T t. .The unders^ed, Vernon R. Rice, Vice President and Assistant General Cbnnsel ' ' ^.j^mj.^ 
EJ.DU.pONTD£Nmoy RS A^ 1007 Market Street, Wilmington, Delaware- 1?9€98 

USA CThiPont"), Hereby confinns that the power to sign for DuPont has been granted to various 
individuals (as set fordi in the attached exceipt from DuPont's Patent Board Rules of Procedure 
(January 1988), Appendix Section mJKA), inclnding the Chairman, Vice-Chaiiman, and those 
mdividuals who are Assistant Secretaries of the Patent Board Cmxently these Assistant Secretaries are: 

Roger A. Bowman Barbara J. Massie 

Linda J. Davis . Miriam D. Meconnahey 

John E. Grif&ths Deborah A. Megkmiss 



In addition, the authority to act on behalf of DuPont before Ae competent International 
Authorities in connection with any and all international patent applications filed by it wiHi the United 
States as Receiving Office and to make or receive payments on its behalf is hereby granted to: 



Beardea, Lori Y. 




ICatz FlHott A 




Belopolsky, Imxa 


43319 


Kellv Patricia T 


OAT 


Benjamin, Steven C. 




ICttip" Karen 1<C 




Birch, Linda D. 


38,719 






Boweo, Jr., Aianson G. 


24,027 


Knikiei Cliarie55 F 




Christenbury, Lynne M. 


30^71 


TflTTifiriltri Att>*» 1? 




Cotreau, WiHiam J. 


36.490 




lO 0<K 


Deitch, Gerald R 


30,457 






Deshmukh, Sudhir 


33.677 


Levitt, Gary A. 


31,848 


Dobson, Kevin S. 


40J296 


M^ee, Thomas H. 


22355 


Dnffy, Roseanne R. 


33.869 


Nfe,yer, Nancy S. 


29,190 


Edwards, Mark A. 




Med^ck^ George M. 


zim. 


Estrin, Barry 




' Mott^ey," Bruce W. 


J0,663 


Evans, Cia:^ H. 


31,825 


ReffiSds, Stephen E. 


37,580 


Fair, Tameia L, 


35.867 


Rizzo, Thomas M. 


4L2:S 


Feitisam,S.NeiI 


16,506. 


Santopietro, Lois A. 


36^64 


Floyd, Linda Axam^diy 




Schaeffer, Andrew L. 


33.605 


Fricke, Hilmar L. 


22384 


Sebree, Chyrrea J. 


45348 


Furr, Robert B. 


32^85 


Shay, Lucas K. 


34.724 


GoUan, Andrew G. 


25,293 


Shipley, James E. 


32.003 


Golian, Paul D. 


42,521 


Siegell, Barbara C. 


30.684 


Gorman, Thomas W, 




Simiott, Jessica 


34.015 


Gould, David J. 




Steinberg, Michael A. 


43J60 


GrijBSths, JohnK 


32.647 


Steinberg^ Thomas W, 




Hamby, Jane O. 


32.872 


Stevenson, Robert B. 


26.039 


Hamby, WiDiamH. 


31.521 


Strickland, Frederick D. 


39,041 


Reiser, David E, 




'I\dloch,Rd)eccaW. * 


36,297 


Hehdrickson, John S, 


30,847 


Walker, P. Michael 


22:^ 


Joimg, L Kenneth < 


4L881 


Wang,Ch©i 


31^50^ 











The undersigned ratifies &lly all actions already taken by the above-named individuals in 
accordaace wife fee authority granted hereby. 



E. L DU PONT DE >nEMOURS AND COMPAhfY* 

Vernon R, Rice 
Vice Prudent fflad Assistant Genonal Counsel 



